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@ Power converting device with inverter circuitry for driving multiple-phase variable-speed motor. 

@ A power conversion device (10) of the inverter 
type for three-phase DC motor (12) includes 
three parallel pairs of output transistors (Q1 to 
Q6) between a power supply voltage (20) and 
the ground potential (22). These pairs provide 
three upper-stage transistors (Q1, Q3, Q5) and 
three lower-stage transistors (Q2, Q4, Q6) with 
diodes (D1 to D6) being coupled thereto. Drivers 
(24) are connected to the transistors (Q) re- 
spectively. A capacitor (C1) for each upper- 
stage driver (24-1) has an electrode coupled to 
the power supply voltage and the other elec- 
trode coupled to the ground through a corre- 
sponding lower-stage transistor (Q2). A 
controller (30) controls the upper- and lower- 
stage drivers (24) in response to a pulse width 
modulation (PWM) signal (Sp) generated by a 
PWM generator (32) to represent a desired 
motor rotation speed. The upper-stage transis- 
tors (Q1, Q3, Q5) are PWM-driven so that each 
one turns on and off repeatedly during a 1 20- 
degree electrical angle period. While one up- 
per-stage transistor (Q1) is PWM-driven during 
a 120-degree period, a corresponding lower- 
stage transistor (Q2) turns on in response to a 
reverse-phased pulse at the beginning of this 
period, thereby charging the capacitor (C1). 
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The present Invention relates generally to electric 
power converting devices and more particularly to an 
electric power converter for driving and controlling a 
load such as a variable-speed motor using a pulse 
width modulation (PWM) driving technique. 

In the recent past, power converting devices for 
variable-speed motor drive are becoming more widely 
used in the manufacture of a variety of electric equip- 
ment A power converter typically includes an inverter 
circuit, which is packed in a one-chip integrated circuit 
(IC) device to meet the demand for reduction in size. 
The inverter includes in its output stage a plurality of 
pairs of power transistors for driving a variable-speed 
multiple-phase motor, typically a brushless direct cur- 
rent (DC) motor, in accordance with a pulse width 
modulation (PWM) drive technique. 

For example, in the case of a three-phase brush- 
less DC motor, three pairs of output transistors are ar- 
ranged for electrically driving a plurality of winding 
coils to rotate a cone-shaped rotor of the DC motor. 
Usually, diodes are connected to the output transis- 
tors respectively. The three pairs of output transistors 
are connected in parallel with one another between a 
power supply voltage line and a ground potential line. 
Recently, insulated gate bipolar transistors (IGBTs) 
have been employed as the output transistors. One 
transistor of each pair, i.e., an IGBT coupled to the 
power supply line is called the "upper-stage transis- 
tor"- the other thereof is called the "lower-stage tran- 
sistor" among those skilled in the art to which the in- 
vention pertains. In some cases, these upper- and 
lower-stage transistors may be called the "top-side 
transistor" and "bottom-side transistor" respectively. 

The three parallel IGBT pairs are provided with 
driver circuits connected to the gate electrodes there- 
of respectively. These driver circuits are electrically 
fed by a common DC power supply unit. In particular, 
each of the three drivers for the upper-stage transis- 
' tors is provided with a diode and a capacitor coupled 
thereto The diode and the capacitor function to sup- 
ply a corresponding driver with electric power. While 
the motor rotor is driven to rotate, when the lower-sta- 
ge transistor of one output transistor pair turns on, 
current flows through the diode and the capacitor of 
a corresponding driver, thereby to charge the capac- 
itor The driver is thus activated by the charged capac- 
itor Activation of the driver causes the upper-stage 
transistor of the output transistor pair coupled thereto 
to turn on. 

A controller is provided to be responsive to the 
output signals of three rotor- position detectors, which 
are arranged in the three-phase DC motor. The con- 
troller has control outputs connected through level 
shift circuits to the driver circuits for the upper-stage 
output transistors. The controller has other control 
outputs directly connected to the remaining three driv- 
er circuits for the lower-stage output transistors. The 
controller is provided with a circuit for providing a 


i 


speed specify signal that is modulated in pulse width ^ 
or pulse-width-modulated so as to represent a desired 
rotor speed of the DC motor. 

In response to the rotor-position detection sig- MiX 

5 nals, the controller generates a plurality of control sig- 
nals for pulse width modulation (PWM) drive of the 
three lower-stage output transistors. Conventionally, 
these PWM control signals are supplied to the driver 
circuits for the lower-stage transistors during mutually 

ro different time periods that are shifted by the electrical 
angle of 120 degrees and are equal in length to one 
another (120 degrees for each). Accordingly, each 
lower-stage output transistor repeats the turn-on and 
off switching operations in synchronism with the pulse 

, 5 width of the rotor-speed specify PWM signal during 
one 120-degree electrical angle period allocated 
thereto. 

In each transistor pair, while its lower-stage tran- 
sistor is PWM driven to repeat the turn-on/off switch- 

20 ing operations, a corresponding upper-stage transis- 
tor coupled thereto is forced to turn off. When the up- 
per-stage transistor in a certain pair turns on con- 
stantly during a specified 120-degree electrical angle 
period, the lower-stage transistor thereof is driven to 

25 turn off. At this time, one of those lower-stage transis- 
tors of the remaining two pairs is PWM driven to re- 
peat the switching operations during the first half of 
the above 120-degree electrical angle period; the 
other lower-stage transistor of the remaining two pairs 

30 is PWM driven similarly during the second half of the 
120-degree electrical angle period. By varying the 
pulse width modulation factor at these lower-stage 
transistors, the current supply to the motor may be 
done at a desired average value of current flow, thus 

35 controlling the motor so that its rotor rotates at a de- 
sired rate. 

The significant problem of the conventional inver- 
ter is that a capacitor of large-capacity, which exhibits 
high charge storage capability, should be required as 
40 each of the capacitors coupled to the driver circuits for 
the lower-stage output transistors. The large capaci- 
tor is a serious bar to the miniaturization and cost- 
reduction of the inverter IC. 

Such problem arises due to the following rea- 

45 sons. Looking at one of the three output transistor 
pairs for the purposes of explanation only, one power- 
feed capacitor for a certain driver circuit coupled to 
the one transistor pair is allowed to charge only dunng 
very shortened turn-on periods of the lower-stage 

so transistor, which turns on and off repeatedly in syn- 
chronism with the PWM signal. When the lower-stage 
transistor turns on. the voltage at its drain electrode 
is substantially at the ground potential. Current rush- 
es to flow from the DC power supply unit by way of the 

55 diode and capacitor associated with the driver circuit. 
This capacitor is then charged. The capacitor voltage 
rises in potential. The capacitor voltage is used to sup- 
ply power to the driver circuit. The capacitor voltage 


<6P 0521709A2 I > 


EP 0 521 709 A2 


is not given to this driver circuit for a certain electrical 
angle period (60-degree period, for example) before 
the upper-stage transistor will turn on again. The per- 
iod wilt be as long as several hundreds of microsec- 
onds, if the rotation speed of DC motor is kept lower. 
To maintain the charged capacitor voltage for such a 
long period, the capacitor is required to have the en- 
hanced charge storage capability, which is large 
enough to minimize the inherent natural discharge. 
Obviously, such, capacitor is a massive element being 
larger in its physical volume. 

It is therefore an object of the present invention to 
provide a new and improved electric power convert- 
ing device. 

It is another object of the present invention to pro- 
vide a new and improved electric power converting 
device which can allow the use of a miniaturized ca- 
pacitor for its internal power supply circuit. 

In accordance with the above objects, the present 
invention is drawn to a specific power converting de- 
vice which supplies an external load with a continu- 
ously variable current. The device Includes an output 
stage section of bridge circuitry adapted to be cou- 
pled to the load. The output stage section has a series 
circuit of a first switch device and a second device. A 
first driver is connected to the first switch device, for 
electrically driving the same. The first driver is provid- 
ed with a charge storage device, which is charged 
when the second switch device turns on. A second 
driver is connected to the second switch device, for 
electrically driving the second switch device. A control 
unit is connected to the first and second drivers, for 
(i) causing, during a designated period, the first driver 
to supply the first switch device with a pulse signal 
which is modulated in pulse width at a desired index 
of pulse width modulation to drive the first switch de- 
vice in a pulse width modulation control manner, 
thereby to provide the load with a suitable current cor- 
responding to the desired index of pulse width modu- 
lation. The control unit also provides the second 
switch device with at least one pulse, which is reverse 
in pulse phase to the pulse signal, to force the second 
switch device to turn on even during the period, there- 
by charging the charge storage device. 

The foregoing and other objects, features, and 
advantages of the invention will become apparent 
from the following more particular description of pre- 
ferred embodiments of the invention, as illustrated in 
the accompanying drawings. 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 

FIG. 1 is a diagram schematically showing the 
overall arrangement of a three-phase inverter circuit 
for speed-variable DC motor in accordance with one 
preferred embodiment of the present invention. 

FIG. 2 is an illustration of timing diagram showing 
the pulsing sequences for the operation of the em- 


bodiment shown in FIG. 1 . 

FIG. 3 is an illustration of timing diagram showing 
the modified pulse sequences of the embodiment of 
FIG. 1 

5 Referring now to FIG. 1, an electric power con- 

verting device in accordance with one preferred em- 
bodiment of the invention is generally designated by 
the numeral 10. The power converter 10 typically has 
a pulse width modulation (PWM) inverter circuit con. 
10 figuration for driving a variable-speed three-phase 
brushless direct current (DC) motor 12. DC motor 12 
includes a known rotor (not shown), a plurality of wind- 
ings (inductance coils) for electromagnetically rotat- 
ing the rotor, and three rotor position detectors 14a. 
is 14b, 14c that are arranged at specific positions cor- 
responding to the coils respectively. 

As shown in FIG. 1, the power converter 10 in- 
cludes a main DC power supply unit 16, which is 
adapted to be connected to a commercial alternate 
20 voltage source (not shown) and which produces a DC 
power supply voltage at a preselected potential level. 
Power converter 10 also includes an output stage 
section 18, which Is electrically fed by DC power sup- 
ply 16 to drive and control the DC motor 12. Output 
25 section 16 is a bridge circuit that includes three pairs 
of output power devices Q1 to Q6, which are coupled 
to the winding coils of motor 1 2 at their common inter- 
mediate nodes respectively. Power devices Q are 
charge-transfer actuabie devices each having a con- 
30 trol electrode and first and second current carrying 
electrodes. These devices may be insulated gate bi- 
polar transistors (IGBTs)-. Note that the f irst and sec- 
ond current carrying electrodes of each IGBT is 
called the "source and drain" electrodes. 
35 The IGBT pairs are connected in parallel with one 

another between circuit nodes N1 and N2, which are 
connected to a power supply voltage line 20 and a 
ground potential line 22 respectively. A resistive ele- 
ment R for current detection is arranged between 
40 node N2 and ground line 22. Of the IGBTs, specihc 
IGBTs Q1 . Q3, Q5 having drain electrodes coupled to 
power supply line 20 are called the "upper-stage tran- 
sistors"; the remaining three IGBTs which have 
source electrodes connected to ground line 22, are 
45 called the "lower-stage transistors." These IGBTs Q1 
to Q6 are provided with diodes D1 to D6 respectively. 

Each diode Di (i=1. 2 6) is connected to the source 

and drain of a corresponding IGBT Qi as shown in 
FIG. 1 to define a current-forward direction, 
so Driver circuits 24-1 to 24-6 are connected to the 

gate electrodes of six IGBTs Q1 to Q6 respectively. 
These drivers 24 control the switching operations of 
IGBTs Q in a variety of modes. Those 24-1, 24-3, 24- 
5 of the drivers associated with the upper-stage tran- 
55 sistors Q1 . Q3, Q5 will be called the "upper-stage driv- 
er,- and the remaining drivers 24-2, 24-4, 24-6 con- 
nected to the lower-stage transistors 02, Q4, Q6 are 
called the "lower-stage drivers" hereinafter. Note that 
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upper-stage drivers 24-1. 24-3, 24-5 are connected 
with diodes D7, 08. D9 and capacitors C1 . C2. C3. Di- 
odes D7-D9 have Inputs coupled to a second DC pow- 
er supply voltage line 26, and outputs coupled to driv- 
ers 24-1 24-3 24-5. respectively. Second DC power 
supply line 26 is supplied by a DC power supply unit 
28 with a constant voltage Vcc of a predetermined po- 
tential. Unit 28 will be called the -inverter power sup- 
ply" in the rest of the description. Lower-stage drivers 
24-2 24-4. 24-6.have no diode/capacitor circuits, and 
are directly connected to second power supply line 
26. 

A control circuit 30 is connected between the sec- 
ond power supply line 26 and the ground line 22. Con- 
troller 30 may be a microprocessing unit, which is in- 
tegrated and packed in a one-chip IC together with the 
components for the inverter circuitry. Controller 30 
has inputs for receiving electrical detection signals 
Sd1 Sd2 Sd3, which are generated by the rotor pos- 
ition'detectors14a, 14b, 14c of three-phase DC motor 
12 Controller 30 Is connected at another Input to a 
speed signal generating circuit 32. This circuit has an 
Input terminal 34, to which a speed control signal Sc 
is supplied externally. In response to speed control 
signal Sc. circuit 32 supplies controller 30 with a con- 
stant pulse-width signal Sp, which has been pulse- 
width modulated to represent a desired motor speed. 
Typically, the pulse frequency of signal Sp ranges 
from several kilohertz to several tens kilohertz. Circuit 
32 will be referred to as a "PWM generator." PWM 
generator 32 is connected to second power supply 

line 26. . 

The controller 30 is connected at the other inputs 
thereof to three types of protection circuits, which are 
an overvoltage protection circuit 36, an overheat pro- 
tection circuit 38 and an overcurrent protection circuit 
40 Overvoltage protector 36 has an input connected 
to a voltage detecting circuit 42, which detects the ac- 
tual potential on the first (main) power supply line 20. 
Overheat protector 38 has an input terminal 44 for re- 
ceiving a heat monitor signal Sh indicative of a meas- 
ured heat of the output transistors Q1 to Q6. When 
output transistors Q rush into the overheat cond.hon, 
protector 38 supplies controller 30 with a correspond- 
ing signal indicative of such condition. Overcurrent 
protector 40 is connected at its input to the common 
source node N2 of lower-stage transistors Q2. Q4. Q6 
and resistive element R. Resistive element R gener- 
ates a current detection signal Si, which is supplied to 
overcurrent protector 40. 

The controller 30 has outputs connected to the in- 
puts of upper-stage drivers 24-1, 24-3. 24-5 through 
three level-shift circuits 46. Controller 30 is directly 
connected at the other outputs thereof to lower-stage 
drivers 24-2. 24-4. 24-6. Drivers 24-1 to 24-6 supply 
switching control signals Ss1 to Ss6 to IGBTs 01 to 
06 respectively, under the control of controller 30. 
The operation of the three-phase Inverter power 
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converting device 10 will be described with reference 
to the pulsing sequence illustrated in the timing wave- 
form of FIG. 2. wherein one rotation of the three- 
phase DC motor 1 2 is represented in the scale of elec- 
trical angle period which ranges zero to 360 degrees. 
The main functions of controller 30 are as follows. 
Controller 30 controls the upper-stage drivers 24-1. 
24-3, 24-5 coupled to IGBTs Q1 , Q3, 05 so that these 
IGBTs perform different switching operations in syn- 
chronism with the same PWM pulse signal Sp dunng 
three electrical angle periods T1, T2. T3. which are 
shifted by 120 degrees respectively as shown in FIG. 
2 During the first half of a certain 120-degree electri- 
cal angle period for the PWM turn-on/off drive of an 
upper-stage IGBT in a certain transistor pair, the low- 
er-stage transistor (Q4) of one of the other transistor 
pairs turns on in response to a turn-on voltage of a 
constant potential, which is supplied by a correspond- 
ing driver associated therewith. During the following 
second half of the certain 120-degree period, the low- 
er-stage transistor (06) of the remaining transistor 
pair turns on constantly. 

More specifically, when the rotor-posltlon detec- 
tion signals Sd1. Sd2, Sd3 are supplied to controller 
30 from the rotor position detectors 14 of motor 12. 
controller 30 then activates one upper-stage driver 
which is coupled to the upper-stage transistor of a. 
specific pair corresponding to one rotor position being 
presently detected. Activating the driver allows the 
specific upper-stage transistor to be PWM-driven to 
repeat a number of turn-on and off switching opera- 
tions, thus causing a current to flow through a corre- 
sponding one of winding coils of motor 12. Increase 
or decrease of the rotating speed of motor 12 may be 
attained by changing or modifying the pulse width of 
the pulse signal Sp generated by PWM generator 32 
shown in FIG. 1 to thereby control the average value 
of the integration of a pulsate current flowing through 
the motor winding coil. 

For purposes of explanation, assume that current 
is supplied to a winding coil coupled to the first pair of 
IGBTs Q1, Q2. The waveforms of rotor-position de- 
tection signals Sd1 to Sd3 obtained from motor 12 in 
this case are shown in the top of the illustration of FIG. 
2. together with the waveform of the output pulse sig- 
nal Sp of PWM generator 32. 

As shown in FIG. 2, during the first 120-degree 
electrical angle period T1 , the first upper-stage IGBT 
Q1 is supplied by driver 24-1 with the pulse switching 
drive signal Ss1 in synchronism with PWM pulse sig- 
nal Sp at the gate electrode thereof under the control 
of controller 30. This IGBT repeats a number of turn- 
on/off switching operations. Under such a condition, 
during the first half (60-degree period) of period T1 a 
DC voltage signal Ss4 of high potential is applied by 
driver 24-4 to the gate electrode of the second lower- 
stage IGBT 04. causing IGBT 04 to turn on continu- 
ously. Current thus flows into a corresponding wind- 
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ing coil of motor 12 by way of IGBTs Q1, Q4, forcing 
the rotor to rotate at certain speed corresponding to 
the pulse width modulation factor. When the modula- 
tion factor of signal Ss1 increases, the average value 
of current flow at the winding increases, causing the 
rotation speed to increase. If the modulation factor de- 
creases, the average current reduces to cause the ro- 
tor rotation speed to decrease. 

During the second half (the following 60-degree 
electrical angle .period) of the period T1, the signal 
Ss4 drops at the low potential level, causing the sec- 
ond lower-stage IGBT Q4 to turn off. Alternatively, a 
high-level DC voltage signal Ss6 is given by driver 24- 
6 to the gate electrode of the third lower-stage IGBT 
Q6. causing IGBT Q6 to turn on. Current begins to 
flow into the same motor winding through IGBTs Q1 
and Q6, forcing the rotor to further rotate at the speed 
corresponding to the pulse width modulation factor of 
signal Ss1. 

Very importantly, while the upper-stage IGBT Q1 
is PWM-switchlng-driven during the period T1, a cor- 
responding lower-stage transistor (i.e., IGBT Q2) Is so 
controlled as to turn on for a shortened period at the 
beginning of period T1 (0-degree time point), and then 
to turn off constantly until a specific time of the 180- 
degree electrical angle. To do this, a special drive sig- 
nal Ss2 having a reverse-phased pulse component 
P1 is applied to the gate electrode of IGBT Q2. As ap- 
parent from FIG. 2, the pulse waveform P1 of drive 
signal Ss2 is synchronous with the PWM pulse signal 
Sp and is reverse in pulse phase to the switching drive 
pulse signal Ss1 . In other words, when IGBT Q2 turns 
off for the above shortened period, IGBT Q1 is forced 
to turn off. It will never occur that the two IGBTs Q1 , 
q2, which constitutes one transistor pair, turn on si- 
multaneously. Even during the shortened period dur- 
ing which the lower-stage IGBT Q2 turns on, current 
can flow from the inverter power supply 28 through di- 
ode D7 and IGBT Q2 to capacitor. C1 coupled with 
driver 24-1. thus additionally charging this capacitor 
C1. 

Such additional charging can compensate for the 
natural discharge at capacitor C1 almost completely 
to ensure that a desired voltage is held at the terminal 
electrode of capacitor C1 . The holding of such voltage 
at the capacitor terminal enables the upper-stage 
IGBT Q1 to be supplied with an enough drive voltage. 
IGBT Q1 thus turns on in response to the PWM drive 
signal Ss1 causing a current to flow in a correspond- 
ing winding coil of motor 12. Then, IGBT Q1 turns off. 
While this IGBT turns off, the winding current contin- 
ues to flow through the diode D2 arranged at the low- 
er stage of IGBT pair Q1 , Q2 due to the regeneration 
of energy stored in the winding coil. At this time, the 
cathode voltage of diode D2 is substantially at the 
ground potential, thereby charging capacitor C1 
again. 

This means that, even during the period T1 for 


PWM switching drive of the upper-stage IGBT Q1 , the 
corresponding driver capacitor C1 can be charged so 
that driver 24-1 is supplied with necessary power by 
the charged capacitor C1. This can allow capacitor C1 

5 to have a decreased charge storage capacity that is 
less than the conventionally required one, so that ca- 
pacitor C 1 can be miniaturized accordingly. The same 
goes with the remaining capacitors C2, C3 that are 
coupled to the other upper-stage drivers 24-3, 24-5. 

10 These capacitors C2 ( C3 can be additionally charged 
by supplying similar pulses P2 ( P3 to the correspond- 
ing lower-stage IGBTs Q4, Q6 during the PWM 
switching drive periods T2, T3 for the upper-stage 
IGBTs Q3, Q5, respectively. 

15 ' The additional charge-control pulses P1, P2, P3 
supplied to the lower-stage IGBTs Q2, Q4, Q6 may be 
modified in their pulse waveform as shown in FIG. 3. 
wherein each lower-stage IGBT Q2, Q4 or Q6 is ar- 
ranged to receive a pulse-train signal having a plural- 

20 ity of reverse-phased pulse components P1 , P2 or P3, 
which signal Is obtained by phase-Inverting PWM 
switching drive signal Ss1, Ss3 or Ss5 supplied to a 
corresponding upper-stage IGBTQ1, Q3 or Q5. This 
enables capacitor Ci (i=1, 2. 3) to be repeatedly 

25 charged for a number of shortened turn-on periods 
throughout the whole region of the PWM switching 
drive period T1 , T2, T3 for each upper-stage IGBT Q1 , 
Q3, Q5. 

With such an arrangement, the following techni- 

30 cal advantage can be obtained in addition to the pre- 
viously described advantages of the embodiment 
shown in FIG. 2. A significant inverter drive can also 
be accomplished even in a case wherein the load to 
be controlled is a resistive load other than the induc- 

35 live load such as the DC motor 1 2 of FIG. 1 . The rea- 
son for this will be explained with respect to one up- 
per-stage IGBT transistor Q1 for the explanation pur- 
L poses only. The same goes with the remaining ones. 
| When .the resistive load (non-inductive load) is 

40 employed, since such lead does not have any capa- 
bility of energy storage therein, the aforementioned 
regenerative current flow will not occur. Therefore, 
when IGBT Q1 turns off, diode D2 will not turn on so 
that the cathode voltage of diode D2 is kept at a cer- 

45 tain intermediate potential between the potentials at 
nodes N1. N2. The flow of current through capacitor 
C1 will disappear rapidly. Capacitor C1 cannot be 
charged any more. This shows the fact that the charg- 
ing efficiency of capacitor C1 in the case of resistive 

so load is less than that in the case of inductive load. By 
supplying the charge-controlling pulse trains P1 
throughout the whole turn-on/off drive period T1 of 
upper-stage IGBT Q1, the chances of charging ca- 
pacitor C1 can increase, thus improving the power 

55 feed for driver 24-1 more successfully. 

The present invention is not limited to the above- 
described specific embodiments and may be prac- 
ticed or embodied in still other ways without departing 
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from the spirit or essential character thereof. 


Claims 

1 . An electric power conversion device for supplying 
a load with a continuously variable current, said 
device comprising an output section of bridge cir- 
cuitry adapted to be coupled to the load, said out- 
put section including a series circuit of a first 
switch device (Q1, D1) and a second switch de- 
vice (Q2, D2), first drive means (24-1) connected 
to said first switch device, for electrically driving 
the same, said first drive means having a charge 
storage device (C1) coupled to said first drive 
means to be charged when said second switch 
device turns on, and second drive means (24-2) 
connected to said second switch device, for elec- 
trically driving said second switch device, charac- 
terized in that said device further comprises con- 
trol means (30, 32) connected to the first and sec- 
ond drive means, for (i) causing, during a desig- 
nated period (T1 ), said first drive means to supply 
said first switch device with a pulse signal (Ss1) 
which is modulated in pulse width at a desired in- 
dex of pulse width modulation to drive said first 
switch device (Q1, 01) in a pulse width modula- 
tion control manner, thereby to provide said load 
with a suitable current corresponding to the index 
of pulse width modulation, and for (ii) providing 
said second switch device (Q2, D2) with at least 
one pulse (P1) which is reverse in phase to said 
pulse signal (Ss1 ) to force said second switch de- 
vice to turn on during the period (T1), thereby 
charging said charge storage device. 

2. The device according to claim 1 , characterized in 
that said control means comprises signal gener- 
ation means (32) for receiving an electrical signal 
(Sc) indicative of a desired amount of current to 
be supplied to said load, and for generating a 
pulse width modulated signal (Sp) having a series 
of pulses which are changed in pulse width ac- 
cordingly. 

3. The device according to claim 2, characterized in 
that said first and second switch devices com- 
prise charge- transfer actuable devices including 
transistors (Q1, Q2). and current-rectifying devic- 
es including diodes (D1, D2). 

4. The device according to claim 3, characterized in 
Jhatsaid transistors include insulated gate bipolar 

transistors (Q1 , 02). - 

5. The device according to claim 2, characterized in 
that said control means comprises a micropro- 
cessor (30) responsive to said signal generation 


means (32). 

6. The device according to claim 5, characterized in 
that said microprocessor (30) causes said pulse 

5 signal (Ss1) to be synchronous with said pulse 

width modulated signal (Sp). 

7. The device according to claim 6, characterized in 
that said load includes a direct current motor (1 2). 

10 

8. An inverter circuit for controlling a motor (12) in 
variable speed, comprising a plurality of pairs of 
output transistors (Q1 to Q6) connected to said 
motor and each having first and second current 

is carrying electrodes and a control electrode, said 
pairs of output transistors being connected in par- 
allel with one another between a power supply 
voltage (20) and a ground potential (22) and cou- 
pled to said motor at intermediate nodes thereof 

20 thereby providing upper-stage transistors (Q1, 
Q3, Q5) having first current carrying electrodes 
connected to said power supply voltage and low- 
er-stage transistors (Q2, Q4 ( Q6) having second 
current carrying electrodes connected to said 

25 ground potential, diodes (D1 to D6) coupled lo 

said output transistors (Q1 to Q6) ( first drivers 
(24-1. 24-3, 24-5) connected to the control elec- 
trodes of said upper-stage transistors, each (24- 
1 ) of said drivers having a capacitive element (CI) 

30 having an electrode coupled to said power supply 

voltage and another electrode coupled to said 
ground potential through one lower-stage transis- 
tor (Q2) series-connected to a corresponding up- 
per-stage transistor (Q1) associated therewith, 

35 second drivers (24-2, 24-4, 24-6) connected to 

the control electrodes of said lower-stage transis- 
tors, and signal generator means (32) for provid- 
, ing a pulse width modulation or PWM signal (Sp) 
1 having a series of pulses which are modified in 

40 pulse width to represent a desired rotation speed 

of said motor, characterized in that said inverter 
circuit further comprises controller means (30) 
connected to said first drivers, said second driv- 
ers and said signal generator means, for (i) caus- 

45 ing, during a selected period (T1), a selected one 
(24-1 ) of said first drivers which is associated with 
a selected upper-stage transistor (Q1) to supply 
said selected upper-stage transistor (Q1) with a 
pulse drive signal (Ss1) in synchronism with said 

so pulse width modulation signal (Sp) so that said 

selected upper-stage transistor (Q1) repeats turn 
on and off operations, (ii) for, during a different 
period, causing a selected one of said second 
drivers which is connected to a certain lower-sta- 

55 ge transistor (Q2) which forms a pair with said se- 

lected upper-stage transistor (Q1) to supply said 
certain lower-stage transistor (Q2) with a con- 
stant turn-on voltage, thereby charging a specific 
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capacitive element (C1 ) coupled to said selected 
one of said first drivers, and (Hi) for providing, dur- 
ing said selected period (T1), said certain lower- 
stage transistor (Q2) with a turn-on pulse signal 
having one or a plurality of pulse components (P1 
shown in FIGS. 2 and 3) which are reverse in 
phase to said pulse drive signal (Ss1 ), thereby to 
further charge said specific capacitive element 
<C1). 

The circuit according to claim 8, characterized in 
that satd upper- stage transistors and said lower- 
stage transistors include insulated gate bipolar 
transistors. 


14. The circuit according to claim 13, characterized in 
that said motor includes a multiple-phase brush- 
less direct current motor (12). 


10 


15 


10. The circuit according to claim 9, characterized in 
that said controller means (30) includes a micro- 
processor which is integrated on a chip substrate 
together with said first dnvers, said second driv- 
ers and said insulated gate bipolar transistors. 20 

11. The circuit according to claim 10, characterized 
by further comprising a level shift circuit (46) ar- 
ranged between each of said first drivers (24-1 . 
24-3, 24-5) and said microprocessor (30). 25 

12. The circuit according to claim 11, characterized 
by further comprising a resistive element (R) for 
current detection connected between the second 
current carrying electrodes of said lower-stage 30 
transistors (Q2, Q4, Q6) and said ground poten- 
tial (22), said microprocessor (30) being respon- 
sive to said resistive element (R). 

13. The circuit according to claim 12, characterized in 35 
that said signal generator means (32) has an in- 
put terminal (34) for externally receiving a signal 
(Sc) indicative of a desired rotation speed of said 
motor (12). 


40 
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